A growing elderly population with an increasing number of comorbidities is presenting for orthopaedic procedures and interventions, lending themselves to greater risk for complications, including stroke. Prior stroke or transient ischemic attack, hypertension, diabetes mellitus, atrial fi brillation, carotid stenosis, and advanced age are the most common risk factors for perioperative stroke. A comprehensive neurologic assessment should include a thorough history including identifi cation of risk factors, pertinent medications, and a physical examination. This assessment is important to establish a baseline for subsequent neurologic evaluations in the postoperative period. Neurologic physical assessment can be an intimidating task, especially for the orthopaedic nurse who lacks experience in caring for the neurologic patient. Patients who are found with a focal neurologic defi cit that is suspicious for stroke require urgent assessment, exclusion of stroke mimics, and activation of the institution's stroke team to allow for brain saving interventions. Time is brain.
Introduction
Stroke is the fourth leading cause of death in the United States (Centers for Disease Control and Prevention, 2010) and a leading cause of disability (Lloyd-Jones et al., 2008) . Stroke is an episode of neurologic dysfunction caused by focal brain, spinal cord, or retinal ischemia, with infarction on imaging. It is a result of either vessel occlusion or rupture (Furie et al., 2011) . Aspects of perioperative care can contribute to increased risk for stroke, including general anesthesia, dehydration, bed rest, and stasis in the postoperative period (Selim, 2007) . The risk of stroke from general surgical procedures is approximately 0.2%-0.5% (Larsen, Zaric, & Boysen, 1988) . The risk of stroke from orthopaedic surgical procedures is less well documented. The purpose of this article is to assist the orthopaedic nurse in the neurologic assessment of the perioperative patient who may exhibit signs and symptoms of stroke (see Table 1 ).
Risk for Perioperative Stroke
It is no secret to nurses that the patients they are caring for tend to be more complex than those cared for in the past. Patients with neurologic disorders tend to be older and sicker than their nonneurologic counterparts (Lieb & Selim, 2008) . As the population ages, the number of elderly patients with comorbid neurologic conditions undergoing various surgical procedures will increase (Lieb & Selim, 2008) . This is well evidenced in the orthopaedic population. A growing elderly population with an increasing amount of comorbidities is presenting for orthopaedic procedures and interventions, lending themselves to greater risk for complications, including stroke. This fact implies that the overall risk for stroke is also increasing (Mortazavi et al., 2010) . A heavy price tag is conferred upon postoperative stroke, causing mortality rates as high as 26% and a corresponding increase of disability, prolonged length of inpatient stay, and discharges to rehabilitation facilities (Mortazavi et al., 2010) . The bedside nurse is in a prime position to assess and intervene to treat and prevent these complications.
Anesthesia and surgery combined are independent risk factors for ischemic stroke during the perioperative period and up to 30 days postoperatively (Wong et al., 2000) . Acute ischemic strokes can occur in the perioperative setting for various reasons. Patients can experience hypotension secondary to general anesthesia, fl uid loss, and blood loss (Bernstein, 2006) , which are common occurrences in orthopaedic surgeries. The trauma of surgery may induce the release of tissue factor and cause a transient hypercoagulable state (Blacker, Flemming, Link, & Brown, 2004) . Various studies have also shown activation of the hemostatic system and reduced fi brinolysis after surgery (Selim, 2007) . Postoperative alterations in hemostasis have been thought to contribute to the development of thromboembolic complications. In addition, the potential interruption of antiplatelet or anticoagulant therapy prior to surgery can cause a rebound hypercoagulable state. Anesthesia carries a risk of myocardial infarction and subsequent arrhythmia (atrial fi brillation) or mural thrombus formation, all of which increase stroke risk (Bernstein, 2006) . The risk for perioperative stroke increases with longer durations of anesthesia (Selim, 2007) . Surgery performed in an urgent manner, without appropriate time to optimize comorbid conditions, is an independent predictor of perioperative stroke following total joint arthroplasty (Mortazavi et al., 2010) .
Major comorbidities are more important than complicating events during surgery (Limburg, Wijdicks, & Li, 1998) . One multivariate analysis indicates that prior stroke, chronic obstructive pulmonary disease, hypertension, and high serum urea nitrogen were most predictive of perioperative stroke (Limburg et al., 1998) . Both Selim (2007) and Limburg et al. (1998) agree that previous cerebrovascular events were most predictive of perioperative stroke. The most consistent independent risk factors for stroke are for patients with and without atrial fi brillation; however, the absolute stroke rates associated with these risk factors are several times higher among patients with atrial fi brillation (The Stroke Risk in Atrial Fibrillation Working Group, 2007) .
Strokes in the perioperative period are most commonly identifi ed after recovery from anesthesia, postoperative Day 2 and onward. Fewer strokes are identifi ed on the fi rst postoperative day (Selim, 2007) . Strokes identifi ed on awakening from anesthetic imply an intraoperative mechanism, whereas those that are identifi ed after a recovery period suggest a postoperative process (Limburg et al., 1998) . Review of perioperative stroke patients' radiologic and postmortem studies indicates that these strokes are predominantly ischemic and embolic (Selim, 2007) . Although fairly rare, hypoperfusion strokes are often precipitated by postoperative dehydration or blood loss (Selim, 2007) , factors common in orthopaedic surgeries.
Other factors that increase the risk of stroke in the postoperative period include leukocytosis, postoperative electrolyte imbalance, intravascular volume shifts, and elevated glucose levels (Selim, 2007) . With these considerations, the bedside nurse is in a vital position to identify postoperative complications, especially stroke, through conducting frequent assessments and interactions with patients.
Comprehensive Neurologic Assessment
Comprehensive neurologic assessment of the preoperative orthopaedic patient is important to determine the patient's risk for stroke. This preoperative assessment will provide an important baseline for subsequent intraand postoperative assessments. A comprehensive neurologic assessment should include a thorough history that includes identifi cation of risk factors, pertinent medications, and a physical examination.
RISK FACTOR ASSESSMENT
Although the incidence of perioperative stroke depends on the type and complexity of the surgical procedure (Selim, 2007) , patients with specifi c risk factors are also at higher risk for stroke. Prior stroke or transient ischemic attack (TIA), hypertension, diabetes mellitus, atrial fi brillation, carotid stenosis, and advanced age are the most common risk factors for perioperative stroke.
Hypertension is the single m ost important, well-documented, modifi able risk factor for stroke. Hypertension is defi ned as systolic blood pressure 140 mm Hg or more or diastolic blood pressure 90 mm Hg or more (JNC 7 report 9). Intraoperative blood pressure measurements should be considered in relation to preoperative blood pressure. Prolonged variations from these preoperative blood pressures of more than 20 mm Hg or 20% can result in perioperative complications (Selim, 2007) . During anesthesia, close attention should be paid to preoperative blood pressure to determine the normal range of each individual patient and enable maintenance of that pressure, within 10%, to ensure adequate cerebral perfusion during the surgery (Jellish, 2006) .
Diabetes independently increases the risk of stroke, with risk increases ranging from 1.8-fold to sixfold. Diabetes is diagnosed with a hemoglobin A 1C 6.5 or more. Hyperglycemia is shown to be detrimental if there is a risk for intraoperative cerebral ischemia, as can occur with hypotension and hypoperfusion states. This leads to glucose metabolism via glycolysis, resulting in lactic acid production, which can contribute to signifi cant neuronal necrosis if not corrected quickly.
Atrial fi brillation is the major contributor to cardioembolic strokes, increasing a patient's stroke risk by four-to fi vefold. It is responsible for approximately 20% of ischemic strokes, affects approximately 2.3 million Americans, and is an independent predictor of increased mortality. The appropriate medical treatment for atrial fi brillation is anticoagulation with warfarin (Coumadin). Warfarin treatment of atrial fi brillation prevents 31 strokes for every 1,000 patients treated. It gives an overall relative risk reduction of 68%. Goal international normalized ratio (INR) for these patients is between 2 and 3. Higher INRs are associated with increased risk of hemorrhage.
Presence of stenotic atherosclerotic lesions in the carotid arteries is associated with an increased risk of stroke; however, carotid artery testing is recommended only in patients who have a history of ischemic symptoms, for example, TIA. Symptomatic stenoses carry a higher risk of stroke, highest in the fi rst weeks after symptom onset. Therefore, it is critical to distinguish between symptomatic and asymptomatic stenoses to determine the need for carotid revascularization prior to surgery (Bernstein, 2006) . The severity of stenosis, as determined by catheter angiography, as well as the presence or absence of symptoms determines the interventions necessary to prevent stroke. For symptomatic patients, carotid endarterectomy within the fi rst 2 weeks of symptoms reduces the risk of stroke, but this benefi t diminishes over time after the initial event. Carotid stenoses less than 60% do not require intervention and, however, do carry a 2% risk of stroke per year (Halliday et al., 2004) . Carotid stenoses more than 50% have a 3.6% risk of perioperative stroke. Revascularization options include traditional carotid endarterectomy and also carotid stenting. Randomized trials indicate that both options are viable depending upon individual patient assessment.
The risk of stroke doubles in each successive decade after the age of 55 years (Carandang et al., 2006) . Advancing age increases a patient's risk for stroke for many reasons. Blood pressure, particularly systolic blood pressure, increases with age. More than two thirds of patients 65 years or older have hypertension. Diabetes increases risk for stroke in all ages; however, risk is more prominent before the age of 55 years in blacks and before the age of 65 years in whites. Atrial fi brillation increases in frequency with aging and is the leading cardiac arrhythmia in the elderly.
MEDICATIONS
Medical therapy is the primary preventive mechanism for stroke. Antithrombotic medications are used in a stepwise fashion to assist in risk reduction (see Table 2 ). This broad classifi cation of drugs is composed of antiplatelet and anticoagulant medications. Like all medications, these are accompanied with risks, particularly in the setting of surgical interventions. The most commonly used antiplatelet medications are aspirin, clopidogrel (Plavix), and dipyridamole/aspirin (Aggrenox). The most common anticoagulant medication is warfarin. Another anticoagulant, recently Food and Drug Administration-approved for nonvalvular atrial fi brillation in the prevention of stroke, is dabigatran (Pradaxa). Discontinuing antiplatelets or anticoagulants exposes patients to increased risk of pe rioperative stroke.
Aspirin is the most common medication used for cardiovascular and stroke risk reduction and is commonly held perioperatively. Discontinuing aspirin in patients with ischemic disease is an independent risk factor for stroke with the highest risk occurring between 6 and 10 days after being discontinued, the usual time for a scheduled procedure (Bernstein, 2006) . Data suggest that a rebound hypercoagulable effect can occur in 4 or fewer weeks after its interruption. In one study, aspirin interruption yielded an odds ratio of ischemic stroke or TIA of 3.4 with a p Ͻ .005 (Maulaz, Bezerra, Michel, & Bogousslavsky, 2005) .
For patients taking aspirin, particularly for the prevention of vascular events, this should be continued throughout the perioperative period unless there is a high risk of hemorrhagic complications. Agents such as clopidogrel are typically stopped for at least 1 to 2 weeks prior to surgery to reduce the risk of perioperative hemorrhage (Blacker et al., 2004) .
Without anticoagulation, the risk of stroke recurrence approaches 15% per year. This risk is decreased by 80% when patients are anticoagulated with warfarin with an INR goal of 2-3. Discontinuing anticoagulants for surgery can lead to a 30-day stroke risk between 0.4% and 1.06% (Bernstein, 2006) . Oral anticoagulation (warfarin) should be discontinued 5-6 days prior to major invasive procedures. Time off anticoagulation should be minimized as best as possible in patients at high risk for thromboembolic complications. Bridging therapy with heparin should be used to minimize complications (Lieb & Selim, 2008) . Aggressive, early postprocedure anticoagulant management is recommended in patients with a history of stroke or other major risk factors for perioperative stroke (Blacker et al., 2004) . In one study of high-risk patients undergoing knee or hip replacement surgery, continued use of moderate-dose warfarin therapy with a goal INR between 1.8 and 2.1 was considered to be safe and effective in preventing embolic events (Larsen, Zumberg, & Kitchens, 2005) .
Antihypertensive and antiarrhythmic agents should be continued throughout the perioperative period. Stopping of some antihypertensives, for example, clonidine, can lead to rebound hypertension. Angiotensinconverting enzyme inhibitors and angiotensin receptor blockers should be stopped on the day of surgery given their risk of intraoperative hypotension. Oral hypoglycemic agents should be held before surgery and glucose control should be maintained via insulin therapy to improve glycemic control. Special attention should be paid to the use of metformin, which can be associated with lactic acidosis and should be resumed several days after surgery and after renal function testing is normal (Mercado & Petty, 2003) .
Physical Assessment
Neurologic physical assessment can be an intimidating task, especially for the orthopaedic nurse who lacks experience in caring for the neurologic patient. It is important to have a methodical, uncomplicated approach to assessment through an understanding of a few basic principles.
There are fi ve mistakes that nurses commonly make in neurologic assessment. One common mistake made when assessing level of consciousness is not using an appropriate level of stimulation to arouse patients. This can often be diffi cult in the orthopaedic patient given sedating medications, for example, narcotics. A second mistake made is not having an adequate or accurate baseline assessment to distinguish when a neurologic change has occurred. A third mistake is not using the appropriate objective vocabulary to describe a patient's change in status. The fourth and fi fth mistakes are a failure to recognize subtle changes and a failure to persist and pursue when changes are noted (Lower, 2002) .
The accepted assessment for stroke patients is the National Institute of Health Stroke Scale (Adams et al., 2007) , which includes assessment of the patient's level of consciousness, vision, motor strength, sensory, and language. The Glasgow Coma Scale, a popular component of the neurologic assessment, was originally developed to assess patients with traumatic brain injuries and is not an appropriate stroke assessment tool. Neurologic assessment begins with observation of the patient interacting within the environment.
LEVEL OF CONSCIOUSNESS
Begin with an assessment of level of consciousness, the most sensitive indicator in the neurologic assessment. Alterations in level of consciousness are unlikely signs of ischemic strokes but can be early indicators of a hemorrhagic event. Changes in level of consciousness warrant investigation. There are three components in the assessment of level of consciousness: alertness, orientation, and ability to follow commands (American Association of Neuroscience Nurses, 2008 
VISION
Visual assessment should begin with determining the presence of diplopia (double vision), blurriness, or other subjective complaints. To assess for visual defi cits in the patient with stroke, the nurse should fi rst check each eye for pupil size and reactivity with a light source. Next, test eye movements by asking the patient to follow the examiner's fi nger horizontally. Finally, evaluate peripheral vision by moving fi ngers in each of the patient's four visual fi elds. Patients with strokes in the occipital lobes or brainstem may have defi cits in the assessment areas mentioned earlier.
MOTOR STRENGTH
An appropriate baseline assessment is crucial to the neurologic assessment, but particularly in the motor portion of the examination. Patients have a variety of reasons to be weak after surgery, whether secondary to surgery or premorbid conditions. Patients with a decreased level of consciousness will have an exacerbation of weakness (American Association of Neuroscience Nurses, 2008). Strokes most commonly present as unilateral weakness, rarely bilateral weakness except in certain circumstances of brainstem infarction.
Assessment should begin with the face. The nurse should assess for asymmetry by asking patients to smile or show their teeth, raise their eyebrows, and close their eyes tightly. Rather than hand grasps or pedal pushes, the National Institute of Health Stroke Scale tests motor strength by assessing for a drift of the arms and legs. Extremity assessment includes having the patient hold each arm in the air for 10 seconds and each leg up for 5 seconds. An extremity may be paralyzed or be weak and drift downward with a stroke. The majority of postoperative strokes involve the territory of the carotid artery. Assessment would reveal unilateral weakness and cognitive, language, and behavioral changes related to the cerebral hemisphere of infarction, most often in the territory of a middle cerebral artery (Tettenborn et al., 1993) .
Motor strength includes assessment for coordination of the extremities. Ataxia (uncoordinated movement) is evaluated by having patients touch their nose and the examiner's fi nger in rapid succession, as well as moving their heel up and down the opposite shin in a smooth fashion. Each test is repeated bilaterally. Patients who experience cerebellar or posterior circulation strokes may be ataxic as demonstrated by uncoordinated movements.
SENSORY
Sensory assessment begins by asking patients whether they are experiencing any numbness or tingling. This is a common defi cit in patients with parietal strokes, particularly right hemisphere strokes. Assessment is done using an open safety pin and lightly touching the face, arms, and legs and comparing sensation from one side to the other.
Inattention or extinction is the inability of patients to attend to one side of their body due to sensory or visual defi cits. With profound neglect, the patient's head will be turned to one side and the eyes deviated in the same direction. This is tested by touching both sides of the face, arms, and legs separately and then simultaneously. The patient is asked to identify which sides are being touched while their eyes are closed.
LANGUAGE
Language is tested by listening to the patient's speech. Speech should be clear and fl uent. The patient with dysarthria (slurred speech) has no diffi culty with understanding or fi nding words but is diffi cult to understand when repeating a list of words. The patient with expressive aphasia has diffi culty with word fi nding when naming objects or describing a picture. Patients with expressive aphasia are typically frustrated because they know what they want to say but are unable to express themselves. This is not synonymous with confusion. The patient with receptive aphasia has an inability to comprehend what is being asked and will be unable to cooperate or follow commands. The patient's speech is typically fl uent, but with nonsensical or inappropriate words.
Mimics
There are many common medical conditions that can be mistaken for stroke; the most common of these is hypoglycemia. When witnessing a change in level of consciousness, a quick fi ngerstick can be done at the bedside to rule out a low blood sugar level. Other conditions that may need to be explored include infections, particularly urinary tract infections in older adults; seizures, particularly post-ictal states and Todd's paralysis (unilateral weakness); encephalopathy due to metabolic disturbances, particularly low sodium or high blood urea nitrogen; hypotension, which hypoperfuses the brain; and sedation secondary to pain medications (Hand, Kwan, Linday, Dennis, & Wardlaw, 2006) .
Treatment Options
Stroke is an emergency. Two million brain cells die per minute during a stroke (Saver, 2006) . Treatment options for acute stroke include the use of intravenous tissue plasminogen activase (tPA) and endovascular interventions, which include intra-arterial tPA and clot retrieval devices. In the setting of orthopaedic surgery, intravenous tPA will not be an option due to risk of hemorrhage from the surgical site. Mechanical clot retrieval or intra-arterial tPA may be a treatment option if a large vessel has been occluded and the stroke symptoms are less than 8-12 hr old. This can be determined after a computed tomographic (CT) scan and CT angiography (CTA) are performed. Other interventions are vitally important to preserving brain tissue including fl uid management, supplemental oxygen, appropriate blood pressure management or augmentation, cerebral edema control, intracranial pressure monitoring, hypothermia, and decompressive craniectomy. Viable brain tissue is lost each minute of stroke; therefore, time is brain.
Summary
Patients who are found not to be in their usual state of mental or physical functioning require urgent assessment. Knowing the signs and symptoms of stroke and their differences from stroke mimics is essential. The nurse must assess the patient for a focal neurologic deficit of sudden onset (see Table 3 ) and note the last time the patient was seen in their usual state. The nurse should be aware of the patient's usual or baseline state, medical history, and pertinent home medications. Vital signs should be checked for fever, hypotension, or hypertension, and hypoglycemia should be ruled out via fi ngerstick glucose. Recent medications, with particular attention to sedatives and narcotics, should be reviewed. Laboratory work should be reviewed for any signs of infection or metabolic disturbances. The hospital's stroke response team should be activated immediately.
Case Study
K.W., a 78-year-old woman, presented to the emergency department after falling at home. The patient was found to have a fracture of the right hip and is now 2 days postoperation. While assisting the patient to get out of bed, you notice that she is not using her right arm, her speech is garbled and unintelligible, and the right side of her face is drooping. In report, the previous nurse noted the patient to be very pleasant and talkative. K.W. was completely independent in her activities of daily living prior to admission. Her medical history includes hypertension, diabetes, and atrial fi brillation for which she was taking warfarin. The patient's warfarin was stopped prior to surgery and has not been resumed.
In this case, several risk factors for stroke, including the patient's age and history of hypertension, diabetes, and atrial fi brillation, are identifi ed. The patient does present with focal neurologic defi cits of right facial droop, right arm weakness, diffi culty speaking, and questionable right leg weakness (diffi cult to assess secondary to recent right hip surgery). The patient's vital signs were unremarkable. The nurse checks the blood sugar level and fi nds it to be normal. Supplemental oxygen is applied. The last time K.W. received pain medication was 3 hrs ago, which is also the last time she was seen in her usual state. Laboratory values were reviewed, and sodium, blood urea nitrogen, creatinine, and white blood cells were all within normal range. At this time, K.W.'s nurse chooses to activate the stroke team. The brain CT scan revealed no acute changes; however, CTA of the brain revealed an occlusion of the left middle cerebral artery. The patient was taken to the catheter laboratory and endovascular retrieval of the clot was undertaken. The clot was removed and the patient taken to the intensive care unit for close observation. A favorable outcome was achieved by the patient who regained motor function of her arm and control of her speech. The fast action of her bedside nurse in recognizing the signs and symptoms of stroke facilitated her return to independent functioning. 
